Introduction: Paclitaxel (Taxol) is chemotherapy drug widely used to treat different
A c c e p t e d M a n u s c r i p t 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55 We have determined that the number of indenting cancer cells and their attained depths correlate with their invasive capacity [5, 8] . Furthermore, we have shown that the subpopulations of indenting cells correspond to those that are able to cross an 8m
Boyden chamber membrane [9] , thus correlating indentations and their depth with the invasiveness of the evaluated cells.
Until recently anti-cancer and anti-metastatic treatments were chosen and adapted to a patient by trial and error [11] . Recently, new methods and techniques for personalized cancer treatment were developed, all of which have limitations, e.g. costs, Page 3 of 21 AUTHOR SUBMITTED MANUSCRIPT -CSPO-100062. R2   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 A c c e p t e d M a n u s c r i p t A commonly used treatment to inhibit growth of various solid cancers (ovarian, breast, pancreatic, etc.) is the chemotherapy drug Paclitaxel (Taxol) [20, 21] . Paclitaxel has a relatively high (up to 76%) response rate in patients [22] , however has also been shown, in some cases, to have a dose dependent pro-metastatic effects [23, 24] .
Therefore, it is extremely important to determine appropriate doses through their effect on metastatic capacity of cancer cells. The effect of Paclitaxel is through hyperstabilization of the microtubules (MTs), whereby eliminating the MT dynamics, mitosis is inhibited [25] . In the context of metastasis, MTs also have important roles in cell motility and division, organelle transport, and in cell morphogenesis and organization.
We have previously shown that intracellular motion is actively driven by fluctuating microtubules, and internal dynamics is directly affected by Taxol treatment [26] . In addition to the hyper-stabilization of microtubules, The enhanced polymerization and re-localization of F-actin in Taxol-treated cells was also demonstrated [23, 26] , which has led to reduced adhesive forces applied by cancer cells on gels [27] .
In the current work, we show that using the gel-assay we can determine the efficacy 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 A c c e p t e d M a n u s c r i p t Specifically, the synergistic (collective) ability of the densely seeded breast cancer cells to indent the gels more deeply [5] is lost following the short timescale exposure (1-2 hours) to Taxol in different concentrations. In addition, we show a difference in the response of the high and low metastatic potential cells, relating to their relative invasiveness.
Materials and Methods
Cell culture. We have used two commercially-available human, epithelial breast cell The Young's modulus, E, of the gels was obtained by the following relation: E = 2G*(1 + ) [8, 29] , where the Poisson's ratio, , is 0.49 for PAM gels [32] . The G* was measured using a TA Instruments AR-G2 rheometer (New Castle, DE) with a 2-cm stainless steel parallel plate fixture. Using dynamic measurements we determine that the loss (G") modulus is 1-2 of magnitude less than storage modulus (G'). Therefore the Table S1 ). Microscopy and imaging. The imaging for cell indentations was done using an onstage and on-microscope incubators with an inverted, epifluorescence Olympus IX81 microscope (Olympus Japan), using a 60×/0.7NA differential interference contrast conditions. The general, linear mixed model, which is a multivariate regression method that helps to generalize the analysis of variance (ANOVA) was used [37] . In all cases, statistical significance was determined when the p-value is less than 0.05.
Viability and nucleus staining. Viability of cells was determined by

Results
We have seeded high and low MP breast cancer cells on 2.4kPa PAM gels, allowed attachment for 40-55 minutes, and evaluated changes in their mechanical interactions 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 A c c e p t e d M a n u s c r i p t in smaller amounts, respectively, 49±8% and 33±5% [9] . Cell morphology was unaffected by the Taxol treatment and the cells remained rounded (Figure S1 ), in contrast to the same cell lines on a rigid, glass surface, which become rounded with protrusions on their surface [26] . We have evaluated the change in cell viability, the number of indenting cells and their depths, following treatment with 5, 10 and 25µM
Taxol as compared to untreated control (Figure 2 and Table S1 ).
Viability of the high MP (MDA-MB-231) and the low MP (MDA-MB-468) breast cancer cells was affected by higher concentrations of the Taxol. Both cell types were not significantly affected by, respectively, ≤5µM and ≤10µM Taxol treatment ( Figure   2A and Table S2 ). At the highest tested concentration of 25M Taxol the viability decreased significantly for both cell lines, yet the low MP cells were more affected; these cells were shown to undergo programmed cell death by Taxol treatment [38] . This may relate to weaker cell adhesion after 2 hours on the soft, elastic gels, as we have previously shown these cells' viability is uninfluenced by 25µM Taxol when they have been adhered on glass for 24h [26] . The subpopulation of adhered and viable cells that indent the gels are the focus of the current study.
We observe that the percentage of indenting cells of both types reduces linearly with increasing Taxol concentration ( Figure 2B) ; the difference is statistically significant between most concentrations ( Table S3 ). The reduction is steeper in the high MP cells, yet more high MP cells indent the gels than the low MP cells, at all Taxol concentrations (Table S3) . Interestingly, we note that following 25M Taxol 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 A c c e p t e d M a n u s c r i p t
Taxol, yet the means of the depths <10 µm are unchanged. In contrast, in the low MP cells, where less cells indented to deep depths to begin with, the effect of the treatment was milder.
Discussion
The morphologies of the cells during gel indentation correlate with those previously observed during cancer cell invasion in vitro and in vivo; here and also previously we have observed rounded cell morphologies on the soft gels , which appear mushroom- 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 A c c e p t e d M a n u s c r i p t [26] , where the dynamics are reduced. This directly affects the cells' ability to dynamic modify their internal structure and actively apply force to the gels. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 A c c e p t e d M a n u s c r i p t receptor-4 (TLR4) in viable cancer cells, which has been correlated to mechanisms for Paclitaxel chemoresistance [24] . Concurrently, pro-tumorigenic effects have been induced by chemotherapy damaged tumor cells [52] by contributory host effects [53] .
In cells that undergo apoptosis due to chemotherapy, caspase-3 is activated causing upregulation of prostaglandin synthesis and release of growth-promoting factors, which promote tumor-site repopulation by the surviving tumor cells [52, 54] . Thus, for in vivo applications, the optimal drug concentration is one that will reduce the cell invasiveness while not reducing their viability.
Conclusion
In conclusion, we have shown that the mechanobiological invasiveness of the evaluated high and low MP breast cancer cells reduces following Taxol treatment, while the viability is nearly unaffected. That is, the ability of the cells to indent the cells is reduced and synergistic interactions between the adjacent cells is lost, albeit the viable high MP cells are still able to indent more than the low MP cells at all evaluated Taxol concentrations; evaluation of more cell lines would be required to determine the generality of this phenomenon. Hence, using our previous correlation of the indentation depth with invasiveness of the cells [9], we conclude that the Taxol reduces the invasiveness of the cell lines evaluated in the current study. Thus, the gel-deformations (e.g. indentation) that are induced by cell-applied forces can reveal the reduction in cell invasiveness due to chemotherapy. Using our mechanobiology approach, we have identified specific drug concentrations where cell viability is maintained while the mechanobiological invasiveness of the cells on physiological stiffness gels is reduced.
Current drug-screening assays (typically with the cell viability as the only parameter to determine the drug-response) are mostly performed on rigid tissue culture plates.
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